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Partly as a result of this initiative, monitoring of health inequalities among ethnic, gender, and geographic groups has become increasingly common in the United States, although studies showing health inequalities over time in relation to socioeconomic position or area-based deprivation are still relatively rare. The declaration of a strong governmental commitment to reducing health inequalities notwithstanding, existing studies have shown persistent and often increasing socioeconomic inequalities in health, particularly in all-cause, cardiovascular, and cancer mortality. [2] [3] [4] [5] [6] These efforts to examine health inequalities have involved the analysis of US mortality data, using age-adjusted death rates or relative mortality risks to measure socioeconomic gradients in mortality. [2] [3] [4] [5] [6] To our knowledge, no attempt has yet been made to conduct a systematic analysis of how socioeconomic inequalities in US life expectancy have changed in recent decades.
Life expectancy is a more easily understood summary index of mortality than the age-standardized mortality rate and can be easily used to document both absolute and relative inequalities in survival between social class and deprivation groups. The aim of this paper is to examine changes in the extent of inequalities in US life expectancy between 1980 and 2000 by age, sex, and area socioeconomic deprivation.
Methods
To analyse temporal inequalities in US life expectancy, we used two national data sources, the national mortality database-a component of the National Vital Statistics System-and the decennial census. [7] [8] [9] [10] Since the mortality database lacks reliable socioeconomic data, socioeconomic patterns in life expectancy were derived indirectly by linking county-level socioeconomic data from the 1990 decennial census with the national mortality data. [4] [5] [6] We used a factor-based deprivation index that consisted of 11 census-based social indicators, which may be viewed to broadly represent educational opportunities, labour force skills, economic, and housing conditions in a given county. Selected indicators of education, occupation, wealth, income distribution, unemployment rate, poverty rate, and housing quality were used to construct the index. [4] [5] [6] The factor loadings (correlations of indicators with the index) ranged from 0.90 for median family income to 0.57 for unemployment rate. 6 Substantive and methodological details underlying the construction of the US deprivation index are provided elsewhere. [4] [5] [6] From a theoretical standpoint, the US deprivation index appears to be more comprehensive than the widely used Townsend index for the UK, which comprises only such variables as car ownership, housing tenure, household crowding, and unemployment rate. 11 The US index with a more diverse set of indicators, although not as sophisticated as the Breadline Britain index or the UK index of multiple deprivation, [12] [13] [14] is more likely than the Townsend index to capture both absolute and distributive aspects of general living conditions and socioeconomic disadvantage in a community. Besides county, the US deprivation index was constructed at the census tract and zip code levels for 1970, 1980, and 1990 censuses. [4] [5] [6] To analyse trends in life expectancy, we used the weighted population decile distribution of the 1990 deprivation index that classified all US counties into 10 groups of approximately equal population size. The groups thus created ranged from being the most-deprived (first decile) to the least-disadvantaged (10th decile) population groups. A majority of the deprived counties were concentrated in the southern region of the US, whereas many of the affluent counties were located in the north-eastern and western regions of the US. [4] [5] [6] The 1990
index was used to compute life expectancy estimates for 3-year time periods: 1980-82, 1989-91, and 1998-2000. Age-, sex-, and county-specific deaths for 1980-82, 1989-91, and 1998-2000 were obtained using the national mortality database, 7, 8 whereas age-, sex-, and county-specific population estimates for the same time periods, developed by the US Census Bureau, served as denominators for computing age-specific mortality rates. 9, 10 Each of the 3097 counties in the mortality database was assigned one of the 10 deprivation categories. In the case of Alaska and Hawaii, state-level rather than county-level data were used. Life table estimates were  calculated by the standard life table methodology by converting  observed age-specific mortality rates (for 19 age 15 Infant mortality rate was used to approximate the probability of dying in the first year of life. Inequalities in life expectancy at birth and at other ages were measured by the absolute difference in life expectancy between the least-deprived group and each of the other deprivation groups. Inequalities across sex and time periods were also measured in relative terms by the percentage change in life expectancy. We also calculated summary indices of inequality for each sex and time period by regressing life expectancy estimates on deprivation levels (deprivation deciles treated as a continuous variable) using weighted least squares regression models, where weights were the population sizes in each deprivation category. Since the deprivation deciles were approximately equal in population size, the weighted and unweighted slope indices of inequality were identical. Table 1 presents selected socioeconomic, demographic, and  health characteristics of 10 area deprivation groups from 1980  to 2000, whereas Table 2 lists the top 20 and bottom 20  counties in terms of socioeconomic deprivation scores for the  1980, 1990, and 2000 census deprivation indices. 10,16 A complete list of counties belonging in each deprivation group is available from the authors. Descriptive data in Table 1 indicate the relative stability and robustness of the county deprivation groups between 1980 and 2000. Although all deprivation groups experienced improved levels of educational attainment, their relative educational standing remained fairly stable during 1980-2000. Compared with the most-deprived group, the proportion of college graduates in the least-deprived group was about 3 times greater in 1980, 1990, and 2000. Median family income was nearly 2 times higher and median home value 3-4 times higher in the least-deprived group than in the most-deprived group during 1980-2000. The poverty rate was at least 3.7 times higher and unemployment rate at least 1.7 times higher in the most-deprived group than in the least-deprived group. More-deprived groups generally had higher proportions of black and rural residents. Although infant mortality rates declined substantially in all deprivation groups, socioeconomic gradients in infant mortality appeared to have increased since 1980. Compared with the least-deprived group, the infant mortality rate in the mostdeprived group was 1.43, 1.49, and 1.63 times greater in 1980, 1990, and 2000, respectively. The more-deprived groups generally had higher homicide and suicide rates, and the differential in suicide rates between the least-deprived and most-deprived groups appeared to have increased during 1980-2000 (Table 1) . Table 3 presents sex-specific and deprivation-specific number of deaths and life expectancy estimates at birth for the US in 1980-82, 1989-91, and 1998-2000 . Life expectancy at birth is defined as the number of years a newborn is expected to live given the current levels of mortality at various ages. Since the number of deaths used to calculate life expectancies for each sex and deprivation group was quite large, the life expectancy estimates in Table 3 are expected to be quite robust and associated variances extremely small. Life expectancy at birth varied substantially by time period, sex, and deprivation levels-from a low of 68.7 years for men in the most-deprived group in 1980-82 to a high of 81.3 years for women in the least-deprived group in 1998-2000. In 1980-82, those in less-deprived groups experienced a longer life expectancy at each age than their counterparts in more-deprived groups. In 1980-82, the overall life expectancy at birth was 2.8 years longer for the least-deprived group than for the most-deprived group (75.8 vs 73.0 years). By 1998-2000, the absolute difference in life expectancy at birth had increased to 4.5 years (79.2 vs 74.7 years). Relative differences also increased over the study period; those in the least-deprived group experienced a 3.8% higher life expectancy in 1980-82 and a 6.0% higher life expectancy in 1998-2000 than those in the most-deprived group. The gap in life expectancy at birth between the least-deprived group and the 2nd through 7th most-deprived groups also widened over time. For example, compared with their counterparts in the least-deprived group, those in the third most-deprived group experienced a shorter life expectancy by 2.0 years in 1980-82, 2.3 years in 1989-91, and 2.5 years in 1998-2000. The index of inequality for the total population, as measured by the unstandardized slope, also showed a widening of the deprivation gradient in life expectancy, increasing from 0.25 in 1980-82 to 0.44 in 1998-2000. The standardized slope or correlation coefficient also increased from 0.94 to 0.98, implying an increasingly stronger association between deprivation levels and life expectancy over time.
Results
Inequalities in life expectancy at birth, as measured by both the absolute and relative differences, were larger for males than for females in each period, and the magnitude of the difference increased over time more for males than for females. For males, the absolute difference in life expectancy at birth between the least-deprived and most-deprived groups increased from 3.8 years in 1980-82 to 5.4 years in 1998-2000. For females, the corresponding absolute differences were 1.3 and 3.3 years in the two time periods, respectively. In terms of the relative differences, men in the least-deprived group enjoyed a 5.5% higher life expectancy in 1980-82 and a 7.6% higher life expectancy in 1998-2000 than those in the most-deprived group. Women in the least-deprived group, on the other hand, had a 1.7% higher life expectancy in 1980-82 and a 4.2% higher life expectancy in 1998-2000 than women in the most-deprived group. The slope indices of inequality were larger in magnitude for men than for women, but the consistent increases in the estimated slopes and correlation coefficients during the study period represent increasing area socioeconomic inequalities in life expectancy at birth for both men and women. Between 1980-82 and 1998-2000, those in higher socioeconomic groups posted larger gains in life expectancy at birth than those in more-deprived groups, contributing to the widening gap. This was apparent for both men and women, but the pattern held much more strongly for men. For men in the most-deprived group, life expectancy at birth increased by 0.23% per year from 1980-82 to 1998-2000, whereas it increased by 0.34% per year for men in the least-deprived group over the same time period. For women in the most-deprived and least-deprived groups, the average annual increases were 0.04 and 0.18%, respectively. The sex difference in life expectancy at birth was higher in more-deprived groups in each time period, and the magnitude of the sex differentials decreased over time across all deprivation groups.
Compared with those in the least-deprived group, those in the most-deprived group generally experienced shorter life expectancies throughout the entire life course (Figures 1 and  2 ). As expected, the absolute difference in life expectancy between the least-deprived group and the other deprivation groups was greatest at birth, with the difference declining consistently with age. The gap between the least-deprived group and the other more-deprived groups in life expectancy at each age increased during the study period. For example, the life expectancy at age 25 for the most-deprived group was 50.2 years in 1980-82 and 51.4 years in 1998-2000; for the least-deprived group, the life expectancy at age 25 was 52.3 years in 1980-82 and 55.2 years in 1998-2000. The difference thus increased from 2.1 years in 1980-82 to 3.8 years in 1998-2000. Although at advanced ages, such as at ages 70 years and beyond, the absolute difference in life expectancy between the least-deprived and most-deprived groups was small, the patterns in Figures 1 and 2 show increasing inequalities in male and female life expectancies over time.
Discussion
The long-term trend in US life expectancy indicates dramatic improvements in survival during the first half of the 20th century. Life expectancy at birth increased from 47.3 years in 1900 to 68.2 years in 1950. 7 However, the gains in life expectancy in the last two decades or so have been modest, increasing from 73. widening social inequalities in life expectancy and infant mortality despite government efforts to narrow the gap by 2010. 12, [18] [19] [20] The pattern of widening inequalities in US life expectancy over the past two decades is consistent with those shown previously for US all-cause, cancer, and cardiovascular mortality trends. [4] [5] [6] However, the recent pattern of widening inequalities differed from that observed for the US between 1930 and 1960. The Kitagawa and Hauser study showed substantial gradients in life expectancy at birth by census tract socioeconomic position for the city of Chicago in 1930, 1940, 1950, and 1960 . While life expectancy at birth increased with increasing socioeconomic levels in each period, the difference in life expectancy between the lowest and highest socioeconomic groups diminished between 1930 and 1960. 21 A recent
Canadian study also showed a narrowing of the gap. 22 Life expectancy at birth in urban Canada was, respectively, 6.3 and 2.8 years shorter in 1971 for men and women in the poorest quintile compared with their counterparts in the richest quintile. However, by 1996, the inequality in life expectancy between the richest and poorest quintiles had diminished to 5.0 years for men and 1.6 years for women. Differentials in life expectancy between deprivation groups shown here are probably underestimated because we used counties, rather than smaller and more homogeneous geographic areas such as census tracts, to define deprivation groups. Many urban counties are large geographic areas or population units with substantial socioeconomic heterogeneity. [4] [5] [6] Unfortunately, US mortality data are not available for geographic areas smaller than counties for confidentiality protection of individual information on death certificates. Despite this limitation, use of counties may be preferable to census tracts in temporal analyses because counties, unlike census tracts, maintain fairly stable social, political, administrative, and geographical boundaries over time. [4] [5] [6] The 1990
deprivation index has been shown to provide a stable socioeconomic classification of counties over time, [4] [5] [6] Table 1 confirm the fact that the broad geographical distribution of deprivation and social disadvantage has changed very little over the past several decades, which is a truly remarkable feature of social stratification in the US. [4] [5] [6] 23 A similar pattern has also been noted for Britain, where the broad geographical pattern in poverty has changed remarkably little over the past century. 12, 24 Rather than using deprivation deciles based on three different time periods, an advantage of using only the 1990 index was to ensure that the classification of counties into specific deprivation groups remained fixed over time. The small degree of area misclassification that may arise from using the 1990 index for the entire study period is unlikely to significantly affect the general trend of increasing inequalities in life expectancy shown here.
Increasing inequalities in life expectancy by deprivation parallel trends in income inequality, which has risen dramatically in the US over the past three decades. 23, [25] [26] [27] The Gini coefficient for family income, a summary measure of income inequality that varies between 0 (complete equality) and 1 (extreme inequality), rose consistently from 0. The widening socioeconomic inequalities in life expectancy shown here may be related to increasing temporal inequalities in the material and social living conditions between area deprivation groups, both in absolute and relative terms.
Absolute differences between deprivation groups in income, wealth and assets (as measured by home ownership and median home value), poverty, unemployment, single-parent households, and health care personnel per capita widened between 1970 and 1990 and between 1980 and 2000, as shown in Table 1 . Similarly, the gap in relative income disparity increased markedly. 5 Besides material deprivation, psychosocial characteristics such as stress, low control at work, home, or over life circumstances, social support, and social integration are important factors in producing health inequalities. 28 Residents of materially deprived areas experience higher levels of social disintegration as they have higher rates of suicide, homicide, violent crime, and migration than those in affluent areas.
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They are also less likely to participate in civic and political processes, as evidenced by the increasingly lower voting rates observed for those in more-deprived groups in each successive US presidential election from 1980 to 1996 (data not shown).
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Materialist and psychosocial interpretations are not competing explanations of health inequalities, however. Rather, psychosocial factors as those mentioned above are more likely to act as proximate factors through which social and material deprivation influences health. 28 Temporal socioeconomic inequalities in life expectancy at birth and at other ages may also be related to geographical inequalities in the distribution of other valued social resources and behavioural and health care factors. County-level deprivation levels are strongly associated with lower local government spending on a variety of infrastructural resources (such as public safety, fire protection, social and welfare services, education, affordable housing, and employment) as well as with higher smoking and obesity rates and rates of nonhealth-care coverage (data not shown). 29, 30 The fact that the area deprivation groups differ significantly in their levels of urbanization and racial composition suggests that racial/ethnic discrimination, social segregation, and labour market discrimination, in addition to the material, social, and medical care factors identified above, may partly account for socioeconomic inequalities in life expectancy shown here. 5, 31 Behavioural and social policy interventions (e.g. smoking reduction, tobacco regulation and advertising, cancer screening, prenatal care, and universal health care coverage) have the potential to reduce health inequalities among deprivation groups. However, reducing geographical inequalities in education, income, poverty, unemployment, housing, transportation, and labour market opportunities, the most fundamental determinants of such health inequalities, must be an important public policy goal towards halting the current trend of increasing inequalities and bringing about substantial reductions in the magnitude of existing inequalities in US life expectancy. 5, 32 Previous efforts to analyse temporal inequalities have involved national mortality data using age-adjusted death rates or relative mortality risks, but none have utilized life expectancy data by area deprivation to examine changes in the extent of US health inequalities in the past two decades.
Higher life expectancy at birth and other ages were associated with lower levels of deprivation in each time period, with the deprivation gradient in US life expectancy widening substantially between 1980 and 2000 for both males and females.
Between 1980 and 2000, those in higher socioeconomic groups experienced larger gains in life expectancy than those in more deprived groups, contributing to the widening gap. Inequalities in US life expectancy were larger for males than for females in each period, and the magnitude of the difference increased over time more for males than for females.
Increasing inequalities in life expectancy parallel the rising trend in US income inequality and may reflect increasing polarization among deprivation groups with respect to material and social conditions.
